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Fociors Coninbuiing to Rur^il High School Students' P^inicipaiion 
in Advanced Maihemaiics Courses 

RicK Anderson 
rddtMfcrMKi Vein edn 

In recent decades, reseorcbers, educators, policy makers, and others have been concerned 
with students' mathematics achievement and their participation in mathematics courses. 
Mathematics educators argue that mathematical knowledge is necessary for all individuals since 
economic, social, and political opportunities depend on ii(D'Ambrosio, 1990; Notional Giuncil 
of Teachers of Mathematics [NCTM], 2000: Moses & Cobb, 2001). Principles and S>a>idards 
for School Mathemul'cs draws attention to this with the equity principle; “Excellence in 
mathematics education requires equity - high expectations and strong support for all students" 
(NCTM. 2000. p. 12). 

In an effort to realize a high quality mathematics education for all students, a growing 
body of research literature has tracked the mathematics performance of several groups of 
students while attempting to understand the conditions contributing to differences in their 
madiemotics experiences. For example, studies have examined the mathematics education of 
female students (Ansell & Doerr, 2000; Boaler, 1997), Africon-Amencon students (Martin, 
2000: Ladson-Billings. 1997; Lubienski. McGraw, 8c Westbrook. 2004), Hispanic students 
(Gutstein. 2003; Khisty. 199S: Strutchens& Silver. 2(XX)>. and students from differing socio- 
economic backgrounds (Lubienski, 2000: Task Force on Mathematics Teaching 8c Learning in 
Poor Communities, I99S). Less is known about the mathematics education of students in rural 
areas although recent efforts have contributed significantly (e.g., Gibbs, Swaim, & Teixeira, 
1998: Harmon. Henderson. 8c Royster. 2003: Howley. 2003; Howley & Gunn. 2003: Kifer. 



2001: Silver. 2003). 
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The inaihemujc& education of srudenis in rurdl areas of the United Slates is important 
because these students comprise a sizeable number of student/; and they attend a significdni 
number of schools. More than 209 of public school students in the U.S. attend school in a small 
town or rural area (Beeson & Strange, 2003) Rural schools are typically smaller than schools in 
non-iural areas so they comprise greater percentage of schools. Beeson and Strange note that 
nearly one-third of the schools in the U.S are located in rural areas. 

Students attending rural schools have different experiences than students attending 
schools in non-rural areas since rural schools are typically smaller in size (Beeson & Strange, 
2(X)3>. are less likely to have advanced course offerings (Barker, 1985; Greenberg & Teixeira. 
1996). and are farther from colleges or universities (Gibbs, 1998). Additionally, students in 
small rtiral schools often have significant contact with their teachers both in and out of school 
(Nachtigal, 1992). All courses offered in a particular discipline may be taught be one or two 
teachers so studenic are with the same teacher for multiple years. As a result students and 
teachers get to know each other academically and personally 

The focus of this paper is a group of rural high school students and the factors that 
contributed to their participation in mathematics classes beyond those minimally rei^uired for 
high school graduation. 1 follow Gutierrez (2002) in referring to pi/nicrpaiion a.s course taking, 
particularly in elective and advanced mathematics classes. I begin by describing the research 
mediodology and research setting, a small high school in a rural community in the U 5. Pacific 
Northwest Then I present and discuss survey results. I next introduce readers to three students 
enrolled in advanced mathematics classes (Pre-calculus or Calculus). Drawing on interview 
data. 1 highlight some of die factors they offered for enrolling in elective mathematics courses. 1 
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conclude by discu&smg ihe srudenis' re&ponv« and offering suggesoons to increa&e rural ^rudeni 
enrollment in advanced maihemauc& courae&. 

METHODS 

The data preaenied ia thi& paper were collected as part of a qualitative re&earch uudy 
conducted with die purpov of exploring (I) the practice of madiemaiics education in aiural high 
ifchool, (2) the relaiionchip between die rural context and mathemaiic& education, and (3) factors 
contributing to rural high i^chool students ' participation in advanced mathematics classes 
(Anderson, 2006). This paper emphasizes the third purpose 

Data for the study were collected using ethnographic techniques' observation, 
interviewing, and review of documents (Wolcott. 1999, p 46> The research was conducted over 
a three-month period of time at Cedar Valley High School'. During that time, mathematics 
classes were observed; students and teachers were interviewed: and math textbooks, worksheets 
distributed in class, and other information about the school were among the documents reviewed. 
Prior to interviews, students were also administered a survey that solicited demographic data and 
contained items relating to students' mathematics beliefs and attitudes {Fennefrhi-Shermuii 
MuihefThitici Aiihude Sctiier. Fennema & Sherman. 1976; Mulhem & Rae, 1998; /luliumi 
Maihfmariii Be/ie/s Survey: Kloosierman & Stage, 1992; Naiiona/Aitetsmenio/EdMaihnal 
Progress: Kloosierman & Lester, 20M; Silver & Kenney, 2000). 

The results in this paper are drawn from survey responses from all students in the Pre- 
Calculus and Calculus classes at Cedar Valley High School who volunteered to participate in the 
study All of the students in these two cla.sses were enrolled in a mathematics course beyond the 
two classes required by CVHS for high school graduation. These students were either juniors or 



' Names of locsuons, Mudeiua. aivl uachcrr are p««iido(iyfti< 
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seniors Ttte sample group consisted of 14ofthe 16 suidenis enrolled in the Pre-calculus class 
atvj one of the four siudenis enrolled m die Calculus class. Approximately 20% of the juniors 
and seniors ai CVHS were enrolled in one of these two mathematics classes. 

After the survey was administered, nine of the students were selected for individual, 
semi-stAiciured interviews. Eight of the students (four female/four male) interviewed were 
enrolled in Pre-calculus and the remaining student (female) was enrolled in Calculus. The 
inier\'iews ranged from approximately 30 to 60 nunuies and included students' views on the 
matli curriculum, math classes, matli teachers, the community, tlie school, and their post- 
secondary plans Interviews were also conducted with two teachers of mathematics. These 
semi-structured interviews addressed the teachers' background, the mathematics curriculum and 
classroom, die students, community, and school. In this paper, the observations, documents, and 
inier\'iews with the teachers served to triangulate the interview and survey data from the 
students. 



RESEARCH SETTING 

The research site was selected based on its "rural" characteristics - small population, 
isolated mountain community, historically dominated by timber industry - and the availability 
and willingness of the school to participate in the study. To my knowledge, no research or 
outside interventions had been conducted in mathematics education at the school prior to this 
study 

During the ten years she had been teaching ai the school, the mathematics teacher had 
taken her own initiative to promote the math classes to the students through informal advising 
and, she said, “more 'advertising,’ more celling die programs." In this secuon I provide a 
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dev;ripiion of the commumiy, ihe v^ttool, and the maihemaiic& clashes ia order for the reader to 
better litvJer&idnd the environment of the students' experiences of maihemdiics education. 

CommurTtfv 

✓ 

The students attended a small high school in Cedar Valley, a rttral community in die U.S. 
Pacific Northwest. Nestled in the forested mountains of die region, approximately 3500 
residents made their home in the Cedar Valley School District. No incorporated cities existed 
within the boundaries of the district, but homes were clustered in a handful of neighborhoods 
throughout die district. Tlie school, post office, fire station, gas station, convenience store, 
church, and caff formed a small local commercial center Recently developed housing areas 
shared the countryside with older, more established homes and neighborhoods. A paved state 
highway bisected die district connecting the Cedar Valley neighborhoods and secondary roads. 
This highway was roughly perpendicular to an interstate freeway it intersected a few miles 
outside the districi boundaries. Cedar Valley was classified '‘rural and outside a metropolitan 
statistical area (MSA)” by die United States Office of Management and Budget (United Slates 
Census Bureau, 2004). Cedar Valley was located approximately 20 miles from the county seat 
(population 35,(X)0). The nearest large metropolitan area (over l.CXYl.OOO residents) could be 
reached by car in approximately one hour. 

The timber industry, a typical “rural” industry (Hobbs, 1992), had shaped the economy of 
Cedar Valley. Trees in the heavily forested areas provided a source of income and work for 
settlers in the area Several decades ago large cedar, hemlock, spruce, and fir trees were 
plentiful. Mills were built lo make cedar shingles and other building materials. After fifty years 
of intense logging, most of the old-growth forested areas were elinunated and timber companies 
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lurned lo re-planiing ihe uti with fir trees. Tlin nurked a lum for (he iradiiional umber industry 
in ihe area and a decline in the number of people employeil in ihai industry. 

Ttte economic changes were reflected in die demographics of (he commum(y. Ai (he 
lime of this study, most Cedar Valley residents lived on the side of the district nearest the 
inienuaie high^vay with convenient driving access (o the nearby county seat where there were 
mills, factories, a shopping mall, national retail outlets, professional services, and a community 
college. Government statistics indicated the average commute time of a Cedar Valley resident 
was 30 minutes, likely (o the county seat approximately 20 miles away. The timber indusiry 
remained an employer for many in the community whether it was logging in die forests, working 
at a sawmill in the community, employment in related industries, or commuting to mills in other 
communities such as those in the county seat. Tourist services and seasonal work were also 
available to many of the residents. Unemployment data for Cedar Valley specifically were not 
available, but in the county of the people were unemployed during the time of the study. 

The state unemployment rate at the same time was just less than 6%. Historically, the county 
had unemployment rates above (hat of (he state. From 2001 to 2003, die annual unemployment 
rate was over ICr% (Bureau of Labor Statistics. 2004). 

In my interviews with the students, (hey frequently described the community as “small” 
and “friendly.’' They reported (hat logging and tourism were common sources of employment in 
the area and that hunting and fishing were favored pastimes for many. James struck on several 
features of (he community, descriptors also used by other students. 

I would say (Cedar Valley is] a logging or a “hick" community. 1 mean - 1 hate using 
that word, but we are. We all drive lifted vehicles, including myself. SUVs and trucks, 
very few import cars around here. I mean there are a couple, but you know, it’s not like 
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(larger cide&] where you see a loi of Hondd^, Mibuhishis, or higher class, BMW or 
whatever. You see more like Ford trucks ai)d Toyotas ai)d Chevys and stuff like that. 
One thing iJut we like to do is four-by or. you know, go play in the snow. Stuff like that, 
outdoor stuff. And so that's why 1 say we're a hick community. Plus we, like I said - 
drinking. Co party out in die woods. Co camping a loL Hunt, that's a big thing. 

Hunting and finhing is huge in this community. (Iame.«, grade 12) 

Although James's description highlights his personal view of die community, other students 
shared this perspective, at least partially. A *'hick'' community, outdoor recreation, and 
drinking/drug use were each themes mentioned by at least three of die fourteen students 
inier\'iewed. Several of the students alluded to the outdoor recreational opportunities available, 
including hunting and fishing. Even if they did not enjoy or participate in those particular 
activities, they had friends or family members for which they were important pan of living in 
Cedar Valley. 

Schktl 

Students m all grades, kindergarten through grade 12, aiiended the Cedar Valley School. 
The school grounds contained a cluster of seven buildings, mostly single-story, in addition to a 
greenhouse and grandstand by athletic fields. There were baseball and softball fields, a football 
^Id and track, and a playground on the premises. The elementary school classrooms were 
housed in two adjacent buildings while die junior and senior high classes were held in two odier 
adjacent buildings. The district office and high school principal's office were located with the 
senior high classrooms. A multipurpose room {which also served as a lunch room), agriculture 
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building, iind high school gym and locker rooms completed d)e school. A wood and metal shop 
was located at the back of the high school gym. 

At the lime of this uudy, there were 323 students enrolled in grades 7 through 12. (n the 
previous six years, graduating classes had ranged from 36 to S I students Cedar Valley students' 
cohort on-iime graduation rate in recent years had been over with annual dropout raie« 
ranging from 39 to 79. Over ninety percent of die students at Cedar Valley High School were 
white. Hispanic and American Indian/Aliska Native students each comprised about three 
percent of the student population The remaimng students were Asian/Pacific Islander (1.29)or 
Black (0.19). Twenty-five percent of students at CVHS were eligible for free or reduced-price 
lunch. 

The teaching staff at Cedar Valley High School (Grades 7-12) consisted of twenty 
teachers. Five teachers had primary teaching responsibility for teaching classes to seventh and 
eighth grade students Two other teachers split their time between teaching physical education 
and other duties. One of these teachers was the athletic director and the other had guidance 
counseling responsibilities. There were two teachers who taught madiemaiics classes full time - 
one for the high school classes and the other for die junior high and lower level math classes - 
and a third who taught both mathematics and history classes. Only the high school mathematics 
teacher, Ms Jones, had undergraduate preparation in mathematics teaching. She regularly taught 
Algebra I, Algebra ((, and Pre-calculus She also taught Calculus the year of this study since 
there was sufficient student enrollment. Tbis was the first time a Calculus class had been offered 
at Cedar Valley High School. Otherwise she taught Geometry when she needed another class to 



fill her schedule. 




9 



Nearly all of ihe ^ludenii iniervie^ved described ihe school as ''small,' and most went on 
to explain ihai ihe resuli of a ^tiull scltool was dial "everybody knows everybody ” Not only did 
all of the students know ihe other students, bui they al&o knew the teachers and the teachers knew 
them. With a ottall student population, students reported there was more "one-on-one” time with 
the teachers "Plus, the teachers know you. So they can do ihm^ based on their knowledge of 
you and noi just their knowledge of a piece of paper that talks about you” (James, grade 12). 

The ability to be "up close and personal with the teachers” (Thomas, grade 12) was pait of nearly 
every student's description of the school. As Nachitgal (1992) points out. the social connections 
among teachers and students are likely to be more pronounced in small schools since they are 
likely to have contact with their teachers and peers in social situations outside the school 

MtJikffThiiiLi Curm*u/eon 

A typical mathematics curriculum was offered to students at Cedar Valley High School 
Algebra 1, Geometry, Algebra 11. and Pre-calculus, Students were required to complete two 
years of mathematics courses to graduate. Most students enrolled in Algebra 1 during their 
freshman year, but some took that when they were in grade S. Geometry was not a required 
prerequisite for Algebra (( so some students enrolled in Geometry concurrently with Algebra 11 
or Pre-calculus. Other students did not enroll in Geometry. If students were not prepared for 
Algebra 1, they enrolled in Pre-algebra as a freshman Several of these students fulfilled their 
madiematics requirements by completing a General Math class later in high school. As is more 
common in rural than in non-rural schools (Greenberg & Teixeira. 1998), calculus was not 
offered regularly at Cedar Valley High School. It was, however, offered for die first ume during 
the year of this study. Four students were enrolled in die Calculus class. These students had 
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either omkied Geomeu^ from iheir high school maihemdiics program or look it concurrent!)' 
with another math class so they could have time for Calculus during their senior year. 

MalhffThtiiti Teutkfr 

Ms. Jone« was the mathematics teacher responsible for teaching most of the high school 
nudiematics classes. She was also the department chair and so coordinated textbook adoption 
and helped plan the schedules of the other teachers. Ms. Jones had grown up and graduated from 
another high school in the county, near the county seat Although she said she did well in matli 
and "was in the honors madi program all the way through high school... ( had no plans to be a 
teacher in high school.' She had attended a regional state university, intending to major in 
Environmental Science. She changed to mathematics education by the end of her first year and 
credits her calculus professor with changing her mind. “I had an incredibly good calculus 
professor and the way the registration worked. I couldn't get into biology. I got into calculus. 
She kept me in the department and got me ajob at the tutorial center. Found out I was good at it 
and stayed in education.'’ After completing college, Ms. Jones returned to the county and 
worked aa a substitute teacher for one year before being hired at Cedar Valley High School At 
the time of this study, she was in her tenth year of teaching at CVHS. 

Ms. Jones' profile is not uncommon among teachers in rural communities in that she 
attended a regional state university and returned to teach in her home area (Muse & Thomas. 
1992; Nachtjgal. 1992). In fact. Schmuck & Schmuck (1990) found that over 90^li of the 
teachers in the 25 small-town schools in their study had, like Ms. Jones, grown up near the 



schools where they now taught. 
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M&. Jone« said ^ enjoyed leeching m a rural community with a &mdJI school. “( don'i 
«ee me leaving. You know. I've gocien used to ihe small school... I go into a bigger school and 
ii's just like there's too many people." Although there are fewer students in a small school like 
Cedar Valley High School, each teacher is responsible for teaching a broader range of courses 
within their subject area. Ms. Jones had four to uv different classes to prepare, depending on the 
year. Since she was the lone, regular high school math teacher, these classes covered die range 
of courses offered from Algebra 1 to Pre-calculus and Calculus. She viewed this as a benefit of 
her job; *'( think I'd be bored silly if I had to teach die same class It's bad enough right now 
where I've got three sections all doing trig graphing [two sections of Algebra II and one Pre- 
calculus class].' Although teachers in other rural schools may not share Ms. Jones' enthusiasm 
for teaching a number of different classes each day, it is a common occurrence for teachers in 
small rural high schools to teach several different classes each day (Nachiigal. 1992) 

MaihffThttiti Clusses 

’'We've always stayed pretty traditional . We haven't really changed it to die really 
’out there' hands-on type of programs." Ms. Jones commented during an inter\'iew. This view of 
the mathematics classes was corroborated by my observations and comments from students. 

Senk and Thompson (2003) point out the difference in instruction as a result of different types of 
textbooks. Distinguishing between '’traditional" and so-called “5(nMrfnn/r-based" textbooks they 
write; 

When classes use traditional textbooks, typically teachers demonstrate how to do 

something and students work individually to reproduce what the teacher has shown them. 

In contrast, in classes using Srondorris -based materials, teachers often pose problems for 
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srudenis lo work on in &mdJI groups, and ihai nughi be solved by uung various strategies. 
ip 15) 

Ttte classroom insiructionaJ activities, levibook, and tbe curriculum tasks in Ms. Jones' 
nuihematics classes, reflected a "traditional" mathematics classroom with the teacher leading 
most of the activities and siudenis work individually on slton, deconiextualized single-answer 
questions (Boaler. 2003). 

This type of teaching is not atypical in mathematics classes in the United States. In fact, 
the teaching in Ms Jones' classroom is similar to that of American classrooms repotted by die 
TIMSS videosiudy (Jacobs, ei al., 2(X>6: Stigler 8c HieberL 1999). Students' descriptions of a 
typical day in their math clas.s highlight the expected routines of the day, the same routines 
evident in every math class 1 observed 

We'd pretty much just come into class and we'd get out our previous day's assignment 
for correction. We'd correct them in class, usually. Then we'd go over some of them If 
there were specific problems that a lot of people got wrong or didn't understand and 
didn't do or something, dien she'd go over them in class and we'd have a chance to do 
them in class. That way, you know, people would be able to get past that step After 
we'd correct our assignments, we'd move on to the next step. We’d start our next thing 
in the book, the next chapter, next assignment, or whatever. She’d teach that for a little 
while and go over it and kind of make sure people were comprehending it Then she 
would give us our assignment and we'd have about half die class to work or maybe a 
third of the class to work on the assignment. (James, grade 12) 

We first corrected the assignment that we did die day before Then we go over every 
problem that anyone had a problem with. Like, she explains it if we don't know how to 
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do ii. And then we either «iart ^otnething new or go on with whJt we did iind get nn 
a.'Uignmeni from there And then it stvu all over the next day. (lulia, grade 1 1 > 

We u&ually come in. We look at the assignment She usually write« down five or six 
problems and we go over them - the ones that were the hardest. She shows us how the 
correct way for them lo be done. And then we cuni them in And then we get an 
assignment, or we take notes for awhile on whatever it is we're learning. Tlien start a 
new assignmenL That would be typical. (Thomas, grade 1 2> 

A typical day*^ Just go in. have your work done. First the teacher explains how to do it. 
Like for the Pythagorean Theorem, for example, she tells you die steps for iL She shows 
you the right triangle, the leg, the hypotenuse, that son of thing. She makes us write up 
notes so we can check back. And then after diat she makes us do a couple and then if we 
all get it right, she shows us. She gives us time to work. Do it and after that she shows 
us the correct way to do it. If we got it right, then we know. She makes us move on and 
do an assignment. (Calvin, grade 12) 

Several features of **tradiiionar maihemaiics teaching are apparent from these quotations 
from students. First we see that the teacher and textbook are the source of and authority for 
madiematical knowledge in the cla.ssroom (Cooney, 1994). For example Tliomas said, "She 
shows us how the correct way for them to be done.” Julia echoed this sentiment when she said, 
“[Ms. Jones] explains it if we don't know how to do [the homework] " In this classroom die 
teacher controls the solution methods available to the students by initially presenting solution 
mediods to the students and later showing them her solution method to questions they missed 
(Siigler & Heiben, 1999). (n the quotes above, the students have appropriately described the 
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active *'iniellectual activity” of the teacher - etpldjning, teaching, showing, and wofking 
problems - while describing their more pa.isive activities of listening, checking answers, and 
taking notes. 

Another facet of the instniciional activities of die classroom is the place of ^'answers." 
The first pan of most classes was devoted to the teacher giving answers and the students 
checking those answers. During this portion of the class the teacher provided answers to 
questions the students were not able to answer on their own. In the last part of the class, students 
worked on getting answers to the homework evercises. During this time, they checked their 
answers with other students and with the answer key at the front of the room. As discussed later 
in the paper, these features of the madi class are one of the factors contributing to some students’ 
continued panicipation in elective mathemaucs classes but may have been a reason for odier 
students to end their study of maihemaiics. 



ENROLLING IN ADVANCED MATHEMATICS CLASSES 
We now turn to the question: What factors contribute to students' participation in 
advanced mathematics courses'* NCTM <2000) states; ”A1I students are expected to study 
mathematics each of the four years that they are enrolled in high school, whether they plan to 
pursue the furdier study of mathematics, to enter the workforce, or to pursue other postsecondary 
education' (p. 288). In high schools such as the one in Cedar Valley, where graduation 
requirements do not include four years of mathematics classes, students choose whether or not 
they will conunue their mathematics education each year. 

What influences their decision? What factors do they say contribute to their decision'* 



Students m rural high schools are subject lo the usual factors that influence decisions to take 
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^vanced rndthemaiics clai&es, but they may al&o be facing fewer advanced maihemaiic^ course 
ofTerings. Greenberg atvj Teixeira <1996) have noced (hat students in rural high schools have less 
access to Calculus classes than their counterparts in non-rural schools In 1994, more than 90% 
of urban high school twelfth-grade students were enrolled in schools that offered calculus while 
less than iwo-ihirds of rural twelfth-grade students attended high schools that offered calculus. 
The difference is more extreme when considering school size. Calculus was offered in schools 
to 9S% of students in schools with enrollments over 1000, but les^ than 60% of students in 
schools with enrollments less than 400. Cedar Valley High School was a small high school that 
did offer Calculus but. as mentioned earlier, it was offered for the first time during the year of 
this study. 

On the written survey, students were asked to respond to the following item; List thre« 
reasons why you have taken more than 2 years of high school math classes. The responses from 
the students enrolled in tlie Pre-calculus and Calculus classes are presented in this section. Most 
of these students had been together as a class since elementary school. They had all taken at 
least two math classes from Ms. Jones. For most this was their third or fourth math class and, 
with the possible exception of their Geometry class (depending on the year they enrolled in 
geometry), Ms. Tones had been their teacher in each mathematics class The students’ responses 
were grouped into categories. A summary is shown in Table 1. Since students responded widi 
three reasons, the percentage of students does not sum to 100%. 
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Table 1; Fatior^ Whv .^luileni^ Enriftl in AiivanctJ Clones 



Factor lit decision to enroll In advanced 
nialheniatlcs classes 


Percent of students 
ns 15 


Percent of Response.s 
iisJh 


Liking mathematics, math class, madi teacher 


20^ 


11% 


Personal development 


47^ 


21% 


Future - College 


53^ 


32% 


Future - Work 


33^ 


16% 


Future - General 


20^ 


6% 


Connection to Science 


13% 


6% 


Other 


20% 


6% 



Nnie. Each student provided up to three different re&pon&es 



Twenty percent of srudeni& indicated they enrolled m advanced maihemdiics becau&e 
they liked fnaihemaiic&, maihemaiic^ claa&es, or the mathematics teacher. Nearly half of the 
students saw their purpose in mathematics classes was for personal development. Tliese students 
wrote statements such as' 'T am not good at math so 1 try to do berier,” ‘T want to expand my 
knowledge,” and 'T want to challenge myself." 

Most shidents indicated they enrolled in advanced mathematics classes because they felt 
the classes were necessary for their future. Post-secondaiy education - admission to college or 
preparation for college classes - was a sizeable category. "More difficult math classes look 
belter on college transcripts," "Prepares me for college level math,” ’ll may help me earn 
scholarships," and "Colleges look for them on applications' were a sampling of responses. 

Other students indicated they were looking to the future and studying advanced high school 
mathematics, specifically for work - ’ll can help me better understand statistics and get me 
prepared in the business area' and "Higher math for a better job" - and also more generally - 



’Taking all those math classes will hopefully help me in the future.' Two students wrote about 
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the connection of maUtemaiic^ with v;ience; '*( like vience and advanced science closes rei^mre 
mail)” and ”1 want lo know how [rnaih] connects science lo the ‘reaJ wofld' ” A few responses 
did noi fii into any of the previous categories One student wrote , ”( get good grades in math and 
ii boosts my grade point average” while another responded, “It fit into my schedule." 

The factors indicated by the students are not unexpected. In fact, many of d)em mirror 
the responses of Aftican-American students attending Hillside, an urban school in die Bay area 
of California (Martin, 2000). Martin writes, "The students contextualized the importance of 
madiematics and mathematics knowledge in either socioeconomic terms (i.e., necessary to get a 
"good" job) or as a prerequisite to the steps leading to a promising future (i.e,, necessary to get 
into college” (p. 168). Like other students, over half of the responses from students at Cedar 
Valley High School indicate future educational and career opportunities influenced the students' 
decisions to enroll in either the Pre-calculus or Calculus classes. 

The responses from students point out different relationships they have to their 
madiematics learning Thai is, the factors suggest students' sense of belonging to the broader 
practice of mathematics education Before turning to the interview data to get a closer look at 
three students' reasons for enrolling in advanced mathematics classes, ( will discuss the students' 
survey responses within a framework of belonging (Wenger. 1996) Wenger <1996) describes 
three distinct modes of belonging; engagement, imagination, and alignment. Each mode of 
belonging suggests a different relationship of the students and their ongoing experience of 
mathematics education. 

First. engtigemenL as a mode of belonging, involves the "active involvement in mutual 
processes of negotiation of meaning" (Wenger, 1998, p. 173). With respect to mathematics 
teaming, most of the direct engagement occurs in the mathematics classroom In the 




nuthemaiics da&sroom. srudenu di)d ceacttert negoiiue whai it meani to learn maihemaiics, to 
do mathematics, aiid to be good at matbemaiic^. Engagement bounded by tlie time and place 



where students are in contact with learning school mathematics Virile students may complete 
homework outside of school, the mathematics classroom is the focal pomt for their engagement 
with mathematics learning Those students who wrote that they liked math and enjoyed matl) 
classes indicate a relationship to mathematics via engagement 

Boaler and Greeno (2000) have described how belonging to and engaging in a 
‘'tradiiionar type of mathematics classroom leads some students to eschew madiematics because 
“they wanted to pursue subjects that offered opportunities for expression, inierpreiaiion, and 
agency” Ip. 1^). (n referring to the '^school mathematics world' as the traditional mathematics 
classroom, Boaler (2000) also points out, “Some students are happy stepping into the school 
madiematics world, either because they find success there or because it offers a form of shelter 
or recluse from the interactional demands of real life' (p. 393). Students at Cedar Valley High 
School expressed similar feelings about dieir math classes. Several students liked the routine 
tasks of Ms. Jones' “traditional’' madiematics classes (a description of Ms. Jones' mathematics 
classroom is provided in an earlier section) and thus fell a sense of belonging to the class. 
Because they liked engaging in the traditional mathematics classroom environment, they 
continued to enroll in mathematics classes beyond the two classes required for graduation. 
Calvin IS an example of this type of student and his story is discussed in the next section. 

Other students, however, were disaffected and fell they lacked the ability to put some of 
themselves into ihe class. They did not have a strong sense of belonging to the mathematics 
classroom. For example, Abby, ajunior in Pre-calculus, favored an over madi. She said, “In an 
you can just do whatever you want. But in math there's just kind of like procedure that you have 
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10 work through ” The "irddiiional” maihemaiici teaching in the da&sroom promoiol the view 
that mathematics is procedures that must be followed and answers to be found Bishop < 1991 > 
has commented on the impersonal nature of this type of mathematics teaching' “A curriculum of 
right answers offers no scope for personal interpretation and invention. Tlie rules must be learnt, 
the procedures accepted and the skills practiced' (p. 9). This seemed lo be the case in the 
nudiematics classes at Cedar Valley High School. 

Students can also develop a sense of belonging through imagimiiivit. "(magi nation refers 
to a process of expanding our self by transcending our time and space and creating new images 
of the world and ourselves” (Wenger, 1998, p. 176). Those students who saw their place in the 
mathematics classes in relation to their future were belonging through imagination. What 
Wenger (1998) says of stonecutters - one imagining making a perfectly square stone and the 
other imagining building a cathedral - applies to the students in the mathematics classes as well. 
Some students viewed their study of mathematics as a way to improve themselves, make them 
smarter, or be challenged, while others were preparing for college or work. “At the level of 
engagement, they may well be doing exactly the same thing But it does suggest that their 
experiences of whai they are doing and their sense of self in doing it are rather different. This 
difference is a function of imagination” (Wenger, 1998, p. 176). 

Finally, students may belong through ohstimeni ‘'The process of alignment bridges time 
and space to form broader enterprises so that participants become connected through the 
coordination of their energies, actions, and practices' (Wenger, 1998, p. 178-179). To put it 
another way, “Alignment is a process of translating imagination into action” (Na^r, 2(X)2, p. 

236) Many students saw themselves attending college in the future They belonged through 
imagination but at the same time took action and aligned themselves with other college intending 
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srudenis. These siudenis enrolled ia advanced mathemaiic^ classes - along with College Prep 
English, foreign language, and ocher courses - required for (he broader enierpnse of admission (o 
colleges and univeruiies, Thai is, as (hey aligned (heir energy and acuons in this way (hey had a 
sense of belonging to a broad group of high school siudencs preparing for college. 

The framework of belonging CWenger, I99S) illustrates that students' course (aking 
decisions are complex. Students are simultaneously members in (he maiheniaiics classroom, 
members of (he broader world outside the classroom - and die places they imagine filling in the 
future, and guided by (he requirements (hey perceive are necessary (o become members of the 
other practices in (he future 



STUDENTS' STORIES 

Interview data from three s(uden(s give us a deeper look a( the reasons students offered 
for enrolling in advanced mathematics classes These three students were selected from all of 
those interviewed because (hey illustrate a range of the responses from the students enrolled in 
advanced mathematics classes ai Cedar Valley High School. As we will see, Calvin's staled 
reason for enrolling in mathematics classes was because he liked (he classes and wanted (o be a 
high school mathematics leaching Elizabeth said she enrolled in the mathematics classes 
because she believed (hey would enable her (o be qualified for college. An interest in a career 
with computers motivated Benjamin (o studying mathematics throughout high school. Beneatli 
the surface, each student also suggests other reasons she or he was enrolled in the advanced math 



classes. 
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Calvin. "Math is like a jigsan/ puzzit 'toiling to be solved. " 

Calvia wai a senior and enrolled m Pre-calculus. He had completed one math class each 
yeu. beginning with Algebra I in grade 9 and continuing with Algebra (( and Ceomeiry in 
subsequent years. His teacher and other students considered him to be a good student. 

Like most of his classmates enrolled in the advanced mathematics classes at Cedar Valley 
High School, Calvin was the first in his family to be studying die mathematics topics of Pre- 
calculus. According to Calvin, his fadier tud slatted college to be an elementary teacher but bad 
dropped out after three years “He just kinda stopped on his last year." At the time of the 
interview Calvin's father was working in a steel mill. “He works behind a desk, works behind a 
computer. He keeps inventory and all tbaL'’ Calvin's mother cleaned houses She had finished 
high school but had not taken many math classes. “My mom doesn’t understand [math]... My 
mom doesn't know it," he said. One of the few people that Calvin probably knew who had 
studied mathematics beyond high school algebra and “knew it'’ was Ms. Jones, the high school 
madi teacher. 

The reason Calvin gave for enrolling in the Pre-Calculus class was because he enjoyed iL 
"(just like to take it because I'm interested in it and 1 enjoy taking it. (t's just fun, 1 guess, (t's 
just like a big pu2zle. You have to solve it So, 1 like puzzles," he said. At another point in die 
inter\'iew he reiterated his feelings about math. “It's easy, (t's like a jigsaw puzzle waiting to be 
solved. ( like puzzles.” Math, for Calvin, was something that “fit together.'’ On the surface, this 
might indicate that Calvin felt madi should make sense to him. However, a jigsaw puzzle is 
nude from an image that was intact. After it has been cut apart, the task is to reassemble each of 
the small pieces in their previous order so the whole picture reappears. If this is a valid 
extension of Calvin’s nietaplior for the nature of mathematics, it suggests a very different view of 
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nuihemaiics from tJui promoied by nuihemaiics educ^iuon reformers m recent decades (e.g., 
Lampert, 1990; Fosnot & Dolk. 2001 > Insiead of receiving S4iuneone else's methods, 
procedures, and ideas in order lo reassemble them m order to see a ''picture” of mathemaiics ihai 
has previously existed for someone else, Fosnot and Dolk (2001), for example, envision 
madiemaiics in schools to reflect the construction of knowledge and the creative work of 
mathematicians; 

They make meaning in their world by setting up quantifiable and spatial relationships, by 
noticing patterns and uunsformations, by providing them as generalizations, and by 
searching for elegant solutions They construct new mathematics to solve real problems 
or to explain or prove interesting patterns, relationships, or puzzles in mathematics itself, 
(p 4) 

When the work of mathematicians is the focus, the emphasis is on the activities of constructing, 
generating, and creating new ideas and explaining and justifying diose ideas. Explaining a 
puzzle of mathematics IS quite different from reassembling a jigsaw puzzle after gathering 
together all of the pieces. 

U is possible that an unstated reason why Calvin enjoyed mathematics classes was 
because of the sense of certainty that came with replicating the teacher's soluuon process to get 
results that matched an answer key. Underlying much of Calvin’s interview was a sense of 
uncertainly around other events in his life. In particular, his involvement m school athletic 
events was never certain and his plans for his future after high school had changed. 

Calvin seemed to enjoy sports but he was not always able lo make the team. He relayed. 
"At the beginning (of high school] 1 did baseball and basketball. And then the next year 1 didn't 
make baseball so I did track instead. ( did basketball again and dien last year 1 didn't make 
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bd^iball ai all. ( just did track 1 did crosscountry last year, too And tlten I did track and then 
last year ( got a sire^ fracture so I couldn't do track. So I'm doing cro^-country right now and 
then track ia the spring.” Although he faced obstacles, Calvin remained active in extra curricular 
acQviiies. 

Calvin also seemed uncertain when discussing his future career plans He indicated he 
would have liked to be an engineer after high school, but was instead dunking of becoming a 
high school math teacher. He didn't have much confidence when discussing his abilities *'( 
kinda like helping people more often," he explained. "Because that's the only thing that I'm 
actually good at. I actually wanted to take engineering but I wasn't good at building anything so 
I choked on that. I actually like helping people understand how they apply it" As a result, 
Calvin had settled on being a high school mathematics teacher. 

Calvin’s decision to be a math teacher was due partly to the fact that, at the time of my 
interview with him, Pre -calculus was "probably" his favorite class ’'Tliai's the only thing I 
understand so far,” he said. The traditional mathematics classroom at Cedar Valley High School 
seemed to be an environment where Calvin could gain confidence in bis work. He was able to 
accurately reproduce ihe mathematical procedures <e.g„ solving ei^uaiions, factoring algebraic 
expressions) demonstrated by his teacher more quickly than his classmates so he viewed his 
performance in matli class as one of his strengths. Still, the security of ’tight answers" was 
diminished by his lack of confidence in knowing if or when die answers were righL During the 
portion of the clas.s when the teacher allowed the students to complete an assigned exercise set, 
Calvin would ftequenily check each of his results widi other students or with an "answer key" at 
the from of the classroom that the teacher allowed the students to use. Neither Calvin nor his 
classmates appeared to have strategies for ascertaining the mathematical validity of their 
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responses or, if cttey did. cttose lo c^ill on the aucturiiy of ctK printed answer book. While 
Calvin’s interview indicated hrs explicit reason for enrolling in advanced mdilteniaiics classes 
was because he liked iltem. an implicit reason may have been the appeal of a sense of certainty in 
tnadiemaiics that came from his experience in a traditional mathematics classroom. 

Eiizahelh * ‘7 Jt/jurtH rmith h oufJ Iwk good on tmns< ripfs " 

Although Calvin enjoyed the maihematics classes, Elizabeth expressed no real interest in 
the subject matter and what she was learning. Instead, her primary objective for taking advanced 
mathematics classes seemed to be to increase her potential to continue her formal education 
beyond high school 

Like Calvin. Elizabeth was a senior at Cedar Valley High School. She had attended 
school in Cedar Valley since kindergarten. She had taken one more math class than Calvin. 
During her four years of high school, Elizabeth had completed five math classes, the most of any 
urudent at the school, (n her frei^hman year she enrolled in Algebra ( and followed that with 
Algebra II during her sophomore year of high school. As a junior nhe took bodi Geometry and 
Pre-calculus. She was one of four students in the Calculus class during her »enior year. The 
mad) teacher had helped her plan her .schedule when nhe started high school so she could get to 
calculus by her »enior year. She followed that plan because, she said, 'T figured it would look 
good on transcripts ” Thin statement was representative of the mam reason Bizabeth enrolled in 
so many math classes in high school; She felt they would better qualify her for admission to 
college and, subsequently, she would be able to get a good job. 

Although she had completed numerous math classes, it was not enjoyment of the subject 
that motivated her to continue. She received good grades, and in reference to her calculus class. 
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svdj^ quick lo poiai out. “I’m gening ihe highest grade in that class ” She didn’t object to 
Calculus, but her favorite class ^va.s College-prep English. “I really like to write.” she said. She 
also favored the English cla.ss “because 1 can be creative and basically reinvent myself in my 
writing.' It seemed impoitani to Elisabeth that she have an avenue to express herself. She fell 
there was no chance for her to do that in the calculus class After she had said Englmh was a 
creative class, she was asked if calculus was a creative class She responded, “If 1 were to use it 
[calculus) in a creative way. But, so far, it's just work, tests, work, tests." 

This view was a clear reflection of the ’traditional” stmcture of Calculus and all other 
mathematics classes at Cedar Valley High School. Both my observations and the students' 
reports showed that each madi class began with a time to correct answers to a previously 
assigned homework set This was followed by a short explanation and worked examples from 
the teacher. An independent work time concluded the class when students began work on 
another homework set consisting of single-answered exercises usually from the textbook. 
Elizabeth's response to her mathematics education is similar to that of students m similarly 
"traditional’' mathematics classes reported in studies by Boaler (2000; Boaler & Greeno. 2000). 
Students in Boaler' s studies indicated displeasure with the monotony and lack of meaning in 
their "optional'’ mathematics classes. Like Elizabeth, some also felt constraineil and restricteil 
when they could not express themselves and be creative in maili classes. 

In addition to feeling that mathematics did not encourage her creative potential, Elizabeth 
hinted that much of what she did in math did not really make sense to her. When comparing the 
Pre-calculus and Geometry she completed during her junior year, she said. "Geometry is more 
fun [because of) the art.... You get to actually make shapes that make sense.'’ As mentioned 
earlier, Calvin indicated he tried to fit together the pieces of the “math puzzle ” Since Elizabeth 
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never expressed a real inieresi in nuih, she may noi have even irieil lo make sense of ihe lopics 
she was studying She wax concerned with gening good grades atvj having the courses on her 
transcripts But a knowledge of the content of calculus or her other n)ath classes did not figure 
prominently in her future. In facL she said, don't think I'd need calculus to be a joumalisL" 
Elizabeth was pnmanly motivated to study mad)emaiics because, as she put it, *'l figured 
it would look good on transcripts" when applying to colleges “(f you're wanting to go straight 
to a big university or college, you can't waste your time on home-ec classes or agricultural 
classes because they don't look for that on your transcripL They look for quality clissex,' she 
explained. Elizabeth hoped for a career as a journalist, “A journalist, or an editor or a 
publisher . I'd like to be an editor of a magazine and ( kind of want to do sort of a liberal, 
political magazine. And I want to focus on sexism mainly because it’s one of the most 
interesting topics for me " 

Elizabeth directly linked her decision to take advanced maili classes in high school to her 
desire to go to college and have a career. Indirectly, she may have also linked her choices to her 
plans to live outside the itiral community of Cedar Valley. She seemed to view herself as 
different from others in her community. She described her classmates in high school as “a bunch 
of rednecks.” She went on lo explain, ’They have ultra-conservative views They like hunting 
and they don't even consider whether things like that are wrong or moral. They don't even 
consider whether sexism or being homophobic is wrong. And all they think about is themselves 
generally.” A similar theme continued when Elizabedi described the people in the community 
Overall, a lot of them are really great people. They're really nice but they're close- 
minded. A lot of them aren’t willing to accept that gay people exist, that logging might 
be closed down and that might be a problem for them. They’re really nice but just don't 
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underhand (hai they're &on of old-faduoned. I d)ink that really &ei& back ihe communiiy. 

Bui with the an^ouni of people going to college, I think dial's changing. 

For herself, Elizabedi hoped lo move away from Cedar Valley and live is a larger dry. "I 
like being close lo cities where people - like college lowos. I like college lowns because die 
people are generally more open-minded there. And they're willing to accept you for who you 
are rather dian criiiciie you." Turning again to her neighbors in Cedar Valley she said. "Thai's 
one of the major problems here If you don'i agree with someone' s views then you ’re 
unpairioiic or you ’re a sinner or something. It’s ki nd of old-fashioned '' Elizabeth ' s slated 
reason for enrolling in advanced maih classes was that they would belter qualify her for college 
Bui, it seemed, a reason she was determined lo attend college was so that she could move away 
from Cedar Valley to a place where slie thought she would meet people more like she saw 
herself. She considered a college education a part of being a more liberal, open-minded person. 

In addition to her own desire for a career and a life outside Cedar Valley, her mother also 
seemed to have a strong influence on Elizabeth's decision to go lo college. "My mom always 
lold me ( had to go to college,'’ Elizabeth said. "Because she didn't go and she doesn't make 
very much money. And she told me that I needed to go to college If ( ^t'anied to have a good 
^b.” Elizabeth’s mother was a single parent and worked as a meter reader in a nearby town. 

She had not fimshed high school "( don't know what grade she dropped out. but she got her 
GED," Elizabeth explained Elizabeth had her sights on college and a career in journalism In 
fact, she laughingly confessed, “Having babies and taking care of a house never sounded great lo 
me!” 

Two aspects are prominent in Elizabeth's story First, her purpose for studying advanced 
high school mathematics was because "it would look good on transcripts." She had no use for 
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the maihetnujcdl knowledge iiself Second, Elizabeih &eemed (o use nud) classes as pan of her 
plan 10 leave whai site regarded as the "dosed-mindeil” residenis of ihe communiiy, people with 
whom she didn't identify 

Elizabeth was not wrong about taking elective advanced mathematics classes as 
preparation for college, (n fact, ii is widely regarded that a major function of mathematics has 
been that of gatekeeper to future opporrunities (see, e.g., Moses & Cobb, 2001). Yet, it seems an 
unfulfilling reason for her to spend so much time devoted to an activity in which she doesn't 
appear to enjoy As "traditional" mathematics education plays out at Cedar Valley High School 
and countless other high schools across the United States (Stigler & Hieben. 1999), it does not 
encourage and develop the creative potential in students' thinking even though mathematics as a 
discipline is regarded as a creative (Boaler & Greeno, 2000). 

Since enrolling in advanced mathematics classes is regarded as necessary preparation for 
college, it can serve as a prerei^uisite for rural high school students, like Elizabeth, not only for 
college but also for life outside their mral community. Of the 14 students 1 interviewed at Cedar 
Valley High School, Elizabeth was the most vocal in her negative characterization of the 
Students and community residents Her views came from her experiences growing up in the 
community and may have been influenced by her mother and other friends or family members. 
Other students also described the Cedar Valley community and its residents in siereotypically 
rural terms (e.g., rednecks, hicks), but they did so with more affection. It is likely easy for 
students like Elizabeth to choose to enroll in advanced math classes in high school because they 
led to college and a life outside the rural community. 

But whai about students who do not wish to go to college Is there reason for them to 
enroll in advanced math classes'* Students at Cedar Valley High School seemed to have 
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difTiculiy providing an affirmaiive answer lo ihis question when thinking of the nuihemaiics 
educdiion they experienced. 

Bfnjumin. "Evfryfhing ahvuf ctinptifer iS iJoing malh. " 

Like Calvin and Elizabeth, Benjamin was also a senior at Cedar Valley High Scttool. He 
had followed a course of study like Calvin, taking a math class during each year of high school' 
Algebra I, Algebra ((, Geometry, and Pre-cakulus, Benjamin was a very quiet student who had 
attended school in Cedar Valley from pre-school through the twelfth grade. 

Benjamin planned to attend college and ''go into computer science when I graduate ” He 
was deciding between two different colleges, a private college in a small town about two hours 
away and a public university in a larger metropolitan area about one hour away that also offered 
courses at a nearby local community college. He seemed to have spent time investigating each 
option because he knew of the differences between the two programs and what each one 
empha^iaed. For himself, Benjamin was deciding between pursuing a program emphasizing die 
technical aspects of the computer and one more focused on programming. "I'm still deciding on 
the technician part - dealing with engineering, or deciding on programming. There's the 
programnu ng of the computer and then there' s the technician i f you want to fix computers or 
want to make hardware for the computer." he explained. "I'm son of learning towards the 
technician part But ( don't think it makes as much money," be laughed. He was aware the two 
programs would start with similar coursework and he could decide later which emphasis he 
would pursue. 

Benjamin was more like Calvin than Elizabedi when he gave his reason for enrolling in 
Pre -calculus class. "Well, 1 like math " Then he added, ''The teacher's great." Nearly all of the 
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8rudeni& indicated ihe)! fell Ms. Jone«, the mail) teacher was CVHS, Wd8 supponive whether or 
not the)! enjoyed math and whether or not they enrolled in maihenuuc& claisea beyond the two 
courses required for graduation. When asJied whai he liked alMui niaih he replied. "Having 
problems to solve. Just gerung a problem and figuring out how to gei it done.” 

Each student aniculated iheir own reasons for enrolling in advanced mathematics clases. 
Calvin enrolled in advanced math classes because be liked them and also considered a career in 
which he might build on that interest (e g , engineering, teaching math). Elizabeth had no special 
interest in mathematics but took the advanced classes because they were expected for college 
admission. Tlie predominant reason Benjamin enrolled in elective math courses was because he 
was interested in pursuing a career in computer science. Hence, he enrolled in a mathematics 
class each year of high school since "Everything about computer is doing math ” I asked, ’*Do 
you think it's important to take mail) classes?” He responded, "I think it is for what I’m going 
into. Like, I don't know. If you were a logger you might need to know how big die tree is. But, 
like in computers you have to know every single math detail about what the program does. Most 
of It's numbers - all of the programs are based mostly on numbers.” Benjamin's interest in 
computers left no question in his mind that he would not have taken the math courses. "If you're 
in computer, you have to do math. You'd have to know it before you get into it.... You'd have 
to learn it one way or the other.” Benjamin saw a strong connection between what he was 
learning in the mathematics classes and its usefulness for working with computers. 

Benjamin was possibly more knowledgeable than his classmates about college and the 
requirements for his career preparation since he had an older brother who was attending a 
university at the time of the interview. This gave him some insight into what was required of 
him as a student wishing to prepare for a career working with computers. As a result. Benjamin 
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never doubled tte would Like nuth cla&se« througtioui high school. "Well, my brother look 
(Geometry and Pre-cakulus] and most of my family's taken it So ii's whai you need lo go to 
college.' As nieniioned earlier, Benjamin believed nuih was aino needed for studying 
computers in college 

Although Benjamin was confident that knowing and using math were a necessary part of 
a career working with computers, he seemed at a losi; for a response when asked, “Do you know 
anybody who uses a lot of math in their work as an aduU'^' After a pause, he replied, "Matli 
teachers, but I don't know about others. I'm not really sure.' He said he had not considered 
majoring in math instead of computer science because, "I don't want to teach or anything like 
that I'm not really a people person." Later, he said he wasn't sure what someone could even do 
with a math major if they weren't a math teacher 

Unlike Elizabeth. Benjamin enjoyed living in a rural area He liked the small school, 
indicating the best thing about it was that “you know everybody. ( think that Is the besL'’ As he 
considered his future, he wanted to continue living in a rural area; *1 want to live in a rural area 
I don't really want to be in a big city." He went on to mention he was comfortable with living in 
a rural area, but recognised that the availability of ajob could influence his deasion. “I've lived 
in rural areas most of the time. It depends on where the job is. If 1 get ajob in a aty, I'd 
probably commute to the city and live in a rural area " He explained his reasons for wanting to 
live in a rural area, "There are less people. (I's peaceful. There’s not as many cars In a smaller 
area you can know quite a few community members. It's easier to drive to different places.'’ 
Benjamin identifies a tension between having a job in a city and a desire to live in a rural area 
Researchers have noted this tension in other studies of rural youth (e.g.. Hektner, 1995; Howley, 



Harmon. & Leopold, 1996). 
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Benjamin' & uory illusiraie^ that high scttool &iudeni« 8wnetime& «iudy matheiruitic^ 
because ii is relaied lo (heir future career goala. For Benjamin ihis was a career working with 
computers. It also leaves unanswered the question, "Whai would someone do wiih a career in 
mathematics'^’ Calvin considered engineering but opted instead for teaching mail). Benjamin 
could not imagine any career other ihan teaching mathemaiics for which a mathematics major 
was a logical quaJificaiion . This confusion could, in pan, be a reflecuon of the occupations of 
ihe residents of Cedar Valley. Except for friends or family outside the communiiy, scudenis at 
CVHS were likely to know only one person who had majored in mathematics in college. She 
was their math teacher, Ms. Jones, (i is likely that this would be the case in many mral 
communities where logging, farming, ranching, fishing, or mining are the historically dominant 
industries. Even in rural areas that have expanded their employmeni oppominiiies to include 
oiher industries, few residents would likely have studied mathematics as a universiiy major. 

Benjamin realiaed thai pursing a career working with computers mighi him away 
from his roots in a ttiral community. Still he had resolved die dilemma by imagining himself 
living in a rural area and commuting lo work in a city. Would all rural students be able to see 
such a possibiliiy? On one hand, might some students who wish lo remain in rural areas not 
enroll in advanced mathematics courses in high school because they believe they would lead to 
careers that would lake them away from the community‘s On the oUier hand, could the 
mathematics learned in high school lead to opportunities where siudenis could coniribute to the 
lural communiiy in which they reside? Must mathemaiical knowledge be purely for export from 
rural communities'^ I conclude the paper by suggesting ways in which all students might be 
better served by their maihematicaJ education. 
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DISCUSSION 

Ttte stories of ctK three students from Cedar Valley High School - Calvin, Elizabeth, and 
Benjamin - highlight some of the factors contributing lo rural high school *;iudenis' partidpaiion 
in advanced mathematics classes. Returning to the quesuon addressed by these data - Why do 
ivral high school students enroll m advanced mathematics classes? - die previously reported list 
of responses from students' survey responses (Table I ) are augmented widi the interview data 
What can be seen in these data is that, while some students, like Calvin, enrolled m advanced 
madiematics classes because they liked mathematics, math classes, or the teacher, they may have 
also enrolled because "traditional” school madiematics provides a sense of certainty not found in 
other disciplines Other students, including Elizabeth, enrolled in the advanced mathematics 
classes because, in addition to preparation or entrance to college or work, they may have been 
looking to a future away from die rural community of their home Finally, as Elizabeth and 
Benjamin indicated, teachers and family members con provide encouragement for students to 
enroll in mathematics classes after they have met mimmum requirements for graduation 

In light of NCTM's equity principle and the expectation for all students to study four 
years of mathematics in high school, we can ask; What is the purpose of studying advanced high 
school mathematics'* The students' responses in this study indicated that many of them were 
enrolled m the courses because they believed they were necessary for college. While that is an 
expected result, the students seldom indicated the vo/iiem of the mathematics classes 
(mathematical knowledge) was useful or necessary for them to leom, not even for academic 
success in college Elizabeth, for example, hod no interest in the mathematics content she was 
expected to learn nor did she see its relevance Sull, she had taken more mathematics classes 
than any other student in the school. Was this an appropriate use of her time'^ If students are lo 
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enroll in advanced inaihenuuc& cla^ea it would appropriate or even logical that tttey have 
the »en&e they belong there iniellecnially, ihai the clasa ia a scholarly home for them. It u 
troubling that any would not. 

Each of the three inodes of belonging (Wenger, 1998) dmcuaaed earlier suggests ways 
high school students' participation in advanced mathematics classes can be increased. First, 
students need to develop a sense of belonging through engagement in the classroom with the 
ideas of mathematics Students need to not only belong physically to the classroom but also feel 
their ideas and contributions are accepted by the students and teacher. This requires changes to 
both content and pedagogy of a ’‘traditional' mathematics classroom To begin, the view of 
mathematics portrayed by die content studied must change from mathematics as a fixed 
collection of memorized facts and rote procedures to one recognizing the personally constructed 
nature of mailiematics knowledge (Dossey, 1992). Whereas die content of an algebra class with 
the former view maintains a focus on algorithms and symbolic manipulation, an algebra class 
with the latter view involves the processes of ”doing madiematics" - problem solving, 
generalizing, communicating, and representing (NCTM, 2(XX)). This change is necessary to 
allow students to understand that mathematics is something that can belong to them and in their 
life Also, mathematics pedagogy - the way mathematics is taught - must change from the 
teacher attempting to transmit mathematics knowledge to the students to an environment where 
the students are encouraged to develop their own strategies and meanings for mathematical 
situations Students must have the sense that their ideas are accepted and valued in the 
madiematics classifthey are to have asense of belonging. 

At present, mathematics is viewed in most U.S mathematics classrooms as a fixed 
collection of facts and procedures, and the role of die teacher is to transnui mathematics 
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knowledge lo ctK &iudent« (Jacobs et al., 2006: Stigler & Hieberi. I999>. Thi& circum&iance 
contTdjfU n^arkedly with die recommenddiion& of NCTM (2000). Several commercially available 
‘*.^anWnnit-ba«ed" curricula have been developed with die mient lo change both the content and 
pedagogy of high school mathemadcs (see, e.g., Senk & Tltomp&on, 2003). (n many of these 
curricula, the conteni of maihemaiics reflects the mathematical acdvities that Bishop (I9SS) 
identified occurring in all cultures: counting, measuring, locating, designing, explaining, and 
playing For example, students develop algebraic models that count populations or predict 
measurements of a geometric figure as the dimensions of the figure change The validity of 
madiematical explanations are not based on the sole judgment of the teacher bui from the 
principles and conventions of the discipline. Chazan (2000) and Humphreys (Boaler & 
Humphreys, 2005) are two teachers who have written of their attempts to create classrooms with 
conteni that was relevant to more students and a pedagogy that included more students. 

Students like Elizabeth would likely develop a greater sense of belonging in a 
madiemaiics classroom where students worked with mathematical tasks that allowed them to 
develop their own strategies for solving mathematical problems and make sense of madiematical 
ideas (Boaler, 1997, 2000). There would be the opportunities for her lo be creative and explain 
her thinking lo others in the class, (i may take the focus away from mathematics as something to 
"get on the transcript” to one where die mathematical ideas were related lo aspects of her present 
or future life. But would these changes disadvantage students like Calvin who thrived m the 
perceived cenainty of "traditional” mathematics? While he would no longer be able lo check his 
answers with the authority of the teacher of the answer key, he may develop more confidence in 
himself. In his classroom he seemed to have no way to know the mathematical validity of his 
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re^pojues. If pait of le^irning maihenuijcs wai to justify, reason, and expbin solution strategies 
and results, it is quite po^ible he would gain more confidence in his own abilities 

Another concern is whether mathematics classrooms that values die processes of "doing 
mathematics’' successfully serve all groups of students' those intending to go to college, those 
who will begin work after high school, and students wishing to pursue mathematics-intensive 
careers after high school. This may be a particular concern for rural high schools since there are 
fewer teachers and students so several different classes cannot be offered. Research shows that 
students enrolled in classes using “SiamlunL-baied" curriculum materials score as well as other 
students on standardised mathematics tests. Moreover, they are often better at mathematical 
justification, representation of mathematical ideas, and communicating their solutions (Senk & 
Thompson, 2003). 

Additional recommendations arise when we lum to the second mode of belonging, 
imagination. The images most students had of themselves and mathematics were those of 
personal development - becoming more educated or challenged - or preparation for college. 
These images extended outside die classroom and show die way students were seeing themselves 
in relation to their lives outside the everyday activities of the classroom. Teachers, too, should 
go outside die classroom - both figuratively and literally - to help students understand the place 
of mathematics in broader contexts. With a teacher's support, students can have new images of 
mathematics and themselves that include the importance of the content of mathematics they are 
learning in die classroom. Students ai Cedar Valley High School were able to identify instances 
in their lives and the lives of other community members where arithmetic, basic geometry, and 
financial mathematics were used. Most could not identify where or when the algebraic 
procedures they were learning in school would be useful outside the classroom For example. 
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Elizabeth did noi believe the mathematics knowleilge would be uaeful in her future and 
Benjamin &ugge&ied that nuihemaiical knowledge was not in^poitani if he wasn't going to study 
and work with computers. 

One way this could be accomplished is by having students work on community projects 
that require their madiematical expertise. At Cedar Valley High School, as may be the case in 
other rural areas, the students in the advanced mathematics classes were among the most 
mathematically knowledgeable residents in ilie community. There was significant potential for 
these students to contribute to their community by bringing their mathematical knowledge to 
address and solve problems impottant to the community. Frankenstein (1995) has incorporated 
social isxues into her classes with urban students A similar approach may connect mathematics 
with the world outside the classroom for xrudents who would have otherwise not taken advanced 
madiematics classes 

A second way to show the relevance of mathematics knowledge in life outude the 
classroom may be to have working people discuss the ways in which they use mathematics - 
beyond arithmetic - in their work lives. By doing this, students develop new images of 
mathematics as it is used m the "real world.” Due to the economic and occupational 
opportunities available in Cedar Valley, few residents had jobs that required formal training in 
college-level mathematics. Still, it is likely that mathematics was a part of many people's work 
(See, e.g., Hoyles, Noss, & Pozzi (2001) and Smith (1999) for a description of the mathematics 
used by nurses and automobile factory workers, respectively.] Also, professionals from nearby 
communities may have had formal training in college madiematics and could visit the school. 
The mathematics of working people was neither obvious to the students nor connected to their 
madiematics learning in school. As Calvin and Benjamin both suggested, a career as a 
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nuihemaiics leacher was ctK only reason they believed anyone would siudy maitteinaiics in 
college. Another *;iudeni in the Pre-calculus class, Julia, said, 'Tm trying to find a career that 
hns 10 do with math. I think ( like main more than I like kids. Thai doesn't sound good, but 1 like 
tiutli more than I like to deal with kids,'’ Yet, she could not think of any other career option for 
which she would study maihemaiics other than leaching Widiout being informed of the 
possibilities of a career in mathematics, it is unlikely any of the students would pursue the 
subject if they didn't want to be a teacher. 

Finally, teachers can make the most of the fact that many students were intending to 
attend college and had consequently aligned themselves with others of like intentions by 
enrolling in advanced mathematics classes If a student is intending to enroll in college after 
high school, she or he should be well aware of the requirements for college admission and the 
expectations of college mathematics classes. To help students understand these expectations, 
high schools can partner with nearby colleges or universities to administer mathematics 
placement tests to students during their junior year. This tactic provides students with feedback 
on their madiemaiics progress before it is too late to take steps to enroll in additional 
mathematics classes during the senior year if necessary. 



CONCLUSION 

In concluding, ( suggest that rural high schools may have an advantage over their non- 
rural counterparts when it comes lo making changes lo the mathematics curriculum that would 
encourage all students to study mathematics each of die four years of high school. First, rural 
schools tend to be smaller than their non-rural counterparts and, as a result, have fewer teachers. 
Each mathematics teacher has a significant impact on the mathematics education of the students. 




39 



They can often make changes u> the maihemaucs cuniculum, coui«e sei^uence. and clasaroom 
experience of siudenis without involving several comnuiiees or levels of supervisors. There is 
typically less bureaucracy in a small, rural school (Nachugal, 1992). 

Second, when there are few mathematics teachers, such as Ms Jones at Cedar Valley 
High School, they have significant contact with the students. Ms. Jones was the mathematics 
teacher for many students for three or four years. As a result of extended contact with the same 
teacher, she got to know the students and their individual abilities Many teachers in larger high 
schools comment on the varied learning experiences the students had prior to the class and have 
to take time to assess them to find common ground to begin. Ms. Jones, however, would not 
have that problem and could possibly have more time m the year which could be devoted to a 
community project involving mathematics. 

Third, rural schools may have an advantage in encouraging students to study mathematics 
during each of their four years of high school because there may be fewer elective courses for 
students to choose from (Barker. I9SS). If mathematics teachers design a relevant and engaging 
madiematics curriculum students may be more apt to make that choice whether or not they 
intend to go to college. 
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